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CYCLIC BOROPROLINE COMPOUNDS 
Related Application 

This application claims priority under Title 35 §1 19(e), of United States Provisional 
5 Application No. 60/088,540, filed June 5, 1998, and entitled "CYCLIC BOROPROLINE 
COMPOUNDS," the entire contents of which are incorporated herein by reference. 

The Field Of The Invention 
This invention relates to substantially pure forms of cyclic boroProline compounds 
that bind, in cyclic or linear form, to CD26. The invention also relates to methods for using 
10 these compounds to stimulate the activation and/or proliferation of CD26-bearing cells to 
mobilize hematopoietic progenitor cells to spleen and periphery. 

Background Of The Invention 
CD26, a type II transmembrane protein, is expressed on the cell surface of a number 
of cell types, including lymphocytes (Marguet, D. et Advances in NeuroimmunoL 3:209- 
15 215 (1993)), hematopoietic cells (Vivier, I. et al., 1 Immunol 147:447-454 (1 991); Bristol, et 
al., 1 Immunol 149:367 (1992)), thymocytes (Dang, N.H. et al., J. Immunol 147:2825-2832 
(1991), Tanaka, T. et al, J. Immunol 149:481-486 (1992), Darmoul, D. et al., J. Biol Chem. 
267:4824-4833 (1992)), intestinal brush border membrane, endothelial cells, fibroblasts, and 
stromal cells. Cell surface associated CD26 is a sialoglycoprotein, with most of its mass on 
20 the outside of the cell. 

CD26 has been best characterized on peripheral T cells where it functions as a potent 
costimulatory signal for T cell activation. Its surface expression is up regulated upon T cell 
activation (Dong, R.P. et al., Cell 9:153-162 (1996), Torimoto, Y. et al., J. Immunol 
147:2514 (1991), Mittrucker, H-W. et al., Eur. J. Immun. 25:295-297 (1995), Hafier, D.A. et 
25 al, J. Immunol 142:2590-2596 (1989), Dang, N.H. et al., 1 Immunol 144:409 (1990)). 
CD26 has also been identified in rodents as an important regulatory surface receptor in 
hematopoiesis and lymphoid development (Vivier, I. et al., J. Immunol 147:447-454 (1991)). 
The primary structure of CD26 is highly conserved between species (Ogata, S. et al., 1 Biol 
Chem. 264:3596-3601 (1998)). In humans, CD26 reportedly is involved in the regulation of 
30 thymocyte activation, differentiation and maturation (Dang, N.H. et al., J Immunol 
147:2825-2832 (1991); Kameoka, J. et al., Blood 85:1 132-1 137 (1995)). 

CD26 has an enzymatic activity that is identical to that of Dipeptidyl Peptidase IV 
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(DPP-IV), a serine type exopeptidase with high substrate specificity. It cleaves N-terminal 
dipeptides from proteins if the penultimate amino acid is proline, or in some cases alanine 
(Fleischer, B. Immunol. Today 15:180 (1994)). 

A class of low molecular weight synthetic monomeric molecules with high affinity for 
5 CD26 have previously been developed and characterized (G.R. Flentke, et al. Inhibition of 
dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors 
to examine the role of DP-IV in T-cell function, PNAS (USA) 88, 1556-1559 (1991); W.G. 
Gutheil and W.W. Bachovchin. Separation of L-Pro-DL-boroPro into Its Component 
Diastereomers and Kinetic Analysis of Their Inhibition of Dipeptidyl Peptidase IV. A New 

10 Method for the Analysis of Slow, Tight-Binding Inhibition, Biochemistry 32, 8723-873 1 

(1993)). These molecules have been shown to be potent and specific synthetic inhibitors for 
CD26's associated DP IV proteinase activity. 

Representative monomeric structures of these transition-state-analog-based inhibitors, 
Xaa-boroPro, include Pro-boroPro, Ala-boroPro, Val-boroPro, and Lys-boroPro. BoroPro 

1 5 refers to the analog of proline in which the carboxylate group (COOH) is replaced with a 
boronyl group [B(OH) 2 ], Pro-boroPro, the most thoroughly characterized of these inhibitors 
has a Ki of 16 picomolar (pM) (W.G. Gutheil and W.W. Bachovchin. Separation of L-Pro- 
DL-boroPro into Its Component Diastereomers and Kinetic Analysis of Their Inhibition of 
Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, Tight-Binding Inhibition, 

20 Biochemistry 32 ? 8723-873 1 (1993)). Val-boroPro has even a higher affinity, with a Ki of 1 .6 
pM (W.G. Gutheil and W.W. Bachovchin. Supra; RJ. Snow, et al. Studies on Proline 
boronic Acid Dipeptide Inhibitors of Dipeptidyl Peptidase IV; Identification of a Cyclic 
Species Containing a B-N Bond, J. Am. Chem. Soc. 116, 10860-10869 (1994)). Thus, these 
Xaa-boroPro inhibitors are about 10 +6 fold more potent than the next best known inhibitors. 

25 United States Patent Nos. 4,935,493 (Bachovchin '493) and 5,462,928 (Bachovchin 

'928), both of which are incorporated herein by reference, disclose protease inhibitors and 
transition state analogs (the '493 patent) and methods for treating transplant rejection in a 
patient, arthritis, or systemic lupus erythematosis (SLE) by administering a potent inhibitor of 
the catalytic activity of soluble amino peptidase activity of dipeptidyl peptidase type IV (DP- 

30 IV; (G.R. Flentke, et al. Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro 
dipeptides and use of these inhibitors to examine the role of DP-IV in T-cell function, PNAS 
rt/S^ 88. 1556-1559 (1991)). 
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PCT published application WO 98/00439 (Multivalent Compounds for Crosslinking 
Receptors and Uses Thereof) reports that in aqueous solution at all pH values, a boroProline- 
type CD26 inhibitor exists as a slowly equilibrating mixture of two conformations: an open 
. chain structure which is inhibitory (active species), and a cyclic structure which is non- 
5 inhibitory (inactive species). The open, active, inhibitory chain species is favored at low pH 
while the cyclized structure is favored at high pH. In view of the foregoing, the WO 
98/00439 proposes preventing peptide conformational changes, e.g., intermolecular 
cyclization, by constructing a bivalent or multivalent compound containing an olefin group to 
form novel CD26 inhibitors. According to WO 98/00439, "if cyclization can be blocked, the 
1 0 inventors predict that the bioavailability of the compounds taught herein can be increased by 
approximately 100 - 1000 fold". 

Summary Of The Invention 

The invention is based upon a variety of surprising and unexpected findings. It has 
been discovered, unexpectedly, that boro-Pro compounds of the type described in U.S. 

15 4,935,493 (Bachovchin '493) in cyclic form can be orally administered to a subject for 

treating the same types of conditions for which the linear molecules are useful. It is believed 
that the cyclic boro-Pro compounds undergo a transformation reaction under acidic 
conditions in vivo (e.g., stomach) to form a linear reaction product that is capable of 
selectively binding to CD26 (DP-IV). Thus, according to this aspect, the methods and 

20 compositions of the invention are directed to a novel pharmaceutical prodrug, namely , cyclic 
boro-Proline compounds, for oral administration. Novel compositions containing the 
substantially pure cyclic boroProline compounds of the invention, in solution or dry form, 
also are provided. 

It is believed that the cyclic compounds of the invention are biologically active in 
25 cyclic form, as well as in linear form. Accordingly, the invention also embraces methods and 
compositions in which the cyclic compounds are administered to a subject or otherwise used 
in vitro (e.g., screening assays for selection of competitive molecules) in which the cyclic 
compound is not fiTSt subjected to conditions to induce conversion to the linear form. Thus, 
the cyclic compounds can be administered in oral form (whereby they may or may not be 
30 substantially converted to a linear form in the acidic conditions of the stomach), as well as in 
parenteral form with, or without, prior treatment to convert to the linear form. 

The agents useful according to the invention are the cyclic forms of the compounds of 
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Formula I (shown in figure 4), including all isomeric forms of this compound (discussed in 
more detail below. Referring to the Formula I compound, each X, and X 2 is, independently, a 
hydroxyl group or a group capable of being hydrolyzed to a hydroxy 1 group in aqueous 
solution at physiological pH; and X represents an amino acid or a peptide which mimics the 
5 site of a substrate recognized by a post prolyl cleaving enzyme. In the preferred 

embodiments, the amino acids are L-amino acid residues (for glycine there is no such 
distinction); preferably, the C bonded to B is in the L-configuration. By "the C bonded to B 
is in the L-configuration" is meant that the absolute configuration of the C is like that of an L- 
amino acid. 

i u x opciowo uiai iiAiiiii^ tnw oacjaaic uuiciiiig, one \jx uiio poot-piwij'A *-aCa. v jaig caiZ^mc 

IV (also referred to herein as "CD 26") are described in U.S. Patent No. 4,935,493 

("Bachovchin 4 493") and U.S. 5,462,928 ("Bachovchin 4 928"). 

The open chain (linear form) to cyclic form reaction involves a trans to cis 

isomerization of the proline and the formation of a new N-B bond. Accordingly, "cyclic 
1 5 form" refers to the cyclized structure of the compounds of formula I that are the boron 

analogs of a diketopiperazine. This transformation is illustrated in figure 3. 

By "substantially pure" it is meant that the cyclic compounds of the invention 

represent at least about 90% by weight of the composition. In the more preferred 

embodiments, the cyclic boroProline compound represents at least 98% by weight of the 
20 composition. 

In certain embodiments, the cyclic boroProline compound represents a percentage by 
weight of the composition selected from the group consisting of at least 5%, at least 10%, at 
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at 
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, and at least 
25 99.5%. 

In these and other embodiments, the compositions contain a linear boroProline 
compound that represents a percentage by weight of the composition selected from the group 
consisting of a percentage that is less than 95%, less than 90%, less than 80%, less than 70%, 
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10%, 
30 less than 5%, less than 4%, less than 3%, less than 2%, less than 1 .0 %, and less than 0.5. 
In a particularly preferred embodiment of the invention, the cyclic boroProline 
compound is a Val-boroProline compound. A "Val-boroProline compound" refers to a 
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compound of formula I in which the carboxy terminal boroProline is covalently coupled via a 
peptide linkage in accordance with standard peptide chemistry to a valine amino acid residue. 
A preferred embodiment is the cyclic form of Val-boroPro, which can be in the following 
forms: L-Val-S-boroPro, L-Val-R-boroPro, D-Val-S-boroPro, and D-Val-R-boroPro. More 
5 preferably, the compound is L-Val-S-boroPro or L-Val-R-boroPro. 

According to yet another aspect of the invention, pharmaceutical compositions and 
methods for manufacturing such compositions are provided. The pharmaceutical 
'compositions of the invention contain: (1) a pharmaceutical ly acceptable carrier; and (2) one 
or more of the cyclic boroProline compounds of the invention. Preferably, the 

10 pharmaceutical -compositions are formulated for oral administration; however, iyophiiized 
forms of the cyclic compounds are also provided for oral or parenteral administration. Such 
Iyophiiized or otherwise dried forms of the compounds of the invention may be reconstituted 
in a buffer of appropriate pH prior to administration. It is believed that oral formations 
containing the cyclic boroProline compounds of the invention undergo a conformation 

15 change from cyclic to linear form following administration, namely, when the compounds are 
subjected to the acidic pH conditions of the digestive system. For this reason, the preferred 
oral formations are tablets, capsules, or other solid forms which do not include an enteric 
coating. The method for manufacturing a pharmaceutical composition involves placing a 
cyclic boroProline compound of the invention in a pharmaceutical^ acceptable carrier and, 

20 optionally, formulating the cyclic compound into a tablet or other form that is suitablefcr 
oral administration. 

According to another aspect of the invention, methods are provided for modulating 
immune system function. The compounds of the invention are administered to subjects in 
need of immune system modulation in amounts effective to modulate immune system 

25 function. Modulation of immune system function includes, but is not limited to, increasing 
immune function such as by stimulating proliferation and specific immune function of 
immune cells (e.g., CD26-bearing cells) to produce a prophylactic or therapeutic result 
relating to infectious disease, cancer, and the like. Specific conditions that may be treated 
according to the invention are deemed specific independent aspects of the invention and are 

30 described in detail in the examples. Exemplary conditions that can be treated by 

administering the compounds of the invention include: HIV infection; neoplasms (wherein 
the lymphocytes are cytolytic or helper T cells to attack the neoplasm); side effects of 
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' . chemotherapy or radiation therapy (e.g., resulting from a depletion of cells of the immune 
system such as a depletion of cells derived from lymphoid, erythroid and/or myeloid 
lineages); kidney failure (e.g., resulting in depletion of cells of the immune system); bone 
marrow disorders resulting in immunodeficiency; autoimmunity; and immunodeficiency 
5 (e.g., resulting from depletion of cells of the immune system). 

More particularly, the compounds of the invention are useful for the stimulation of 
proliferation, differentiation and mobilization of lymphocytes and hematopoietic cells, as well 
as for stimulation of cytokine production by stromal cells such as IL-6, IL-1 1, and G-CSF, 
and for stabilization or activation of cytokines which are substrates for CD26/DPP-IV 

1 n vn-/%+»oo^» or'tn/iti; ( i e± tVio r i */t"/>L r trior + c±*-r-r\ mo+o +V»d om»«A <y r^t /A r«/ttian/«A o o ■»-/-* 1 4 *^r> 

wherein Xaa is an amino acid, and wherein the peptide sequence is subject to cleavage by 
CD26/DDP-IV). Accordingly, the invention is useful whenever it is desirable to stimulate 
the proliferation or differentiation of, or to mobilize, such immune cells, or to stimulate, 
stabilize or activate cytokine production. Mobilization of hematopoietic cells is characterized 

15 by the enrichment of early progenitor cells in the bone marrow and the recruitment of these 
cells to the periphery in response to a mobilization agent (e.g. G-CSF, GM-CSF, etc.). The 
agents useful according to the invention can be used to treat lymphocyte and hematopoietic 
cell deficiencies or to restore hematopoietic and mature blood cell count in subjects with such 
deficiencies. Such agents also may be used in connection with hematopoietic cell transplants, 

20 such as bone marrow or peripheral blood transplants, when used to replenish or create an 
immune system in a subject. The agents further can be used as an immune booster. The 
agents also are useful in vitro in connection with the culturing of cells for therapeutic and 
research uses. 

The methods for stimulating activation or proliferation of human lymphocytes. 

25 hematopoietic cells, or stromal cells. The method involves contacting the lymphocytes, 
hematopoietic cells and/or stromal cells, in vivo or in vitro, with an activation or 
proliferation-inducing concentration of one or more cyclic boroProline compounds of the 
invention. In certain preferred embodiments, contacting is carried out by orally administering 
the compound to a human patient in need of such treatment, i.e., the patient is diagnosed as 

30 having an adverse medical condition characterized by inadequate lymphocyte or 

hematopoietic cell activation or concentration. Parenteral administration alternatively can be 
used to practice the method of treatment on a subject. As used herein, subject means humans, 
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nonhuman primates, dogs, cats, sheep, goats, horses, cows, pigs and rodents. 

The compounds of the invention can be administered alone, or in combination with 
additional agents for treating the condition, e.g., a different agent which stimulates activation 
or proliferation of said lymphocytes, hematopoietic cells and/or stromal cells. Contacting the 
5 lymphocytes with the compounds of the invention can be performed in vitro or in vivo. 

As used herein, compound of the invention means the compounds described above as 
well as salts thereof. 

These and other aspects of the invention will be described in greater detail below. 
All patents, patent applications, references and other documents that are identified in 
10 this patent application 2J£ incorporated m their entirety herein by reference. 

Definitions 

By "amino acid" is meant to include imino acid. 

By "boroP-ro" is meant an alpha-amino boronic acid analog of proline bonded to an 
amino acid to form a dipeptide with boroPro as the C-terminal residue. "BoroPro" is used to 

15 designate such an analog having the carboxyl group of proline replaced with a B(OH) 2 group, 
where (OH) 2 represents two hydroxyl groups and B represents boron. 

By Xaa is meant any amino acid residue, e.g., a lysine residue, a valine residue. 
"CD26 ligand" is any protein, glycoprotein, lipoprotein or polypeptide that binds to 
the T cell receptor CD26 and may provide a stimulatory or inhibitory signal. 

20 CD26, Dipeptidyl Peptidase IV (DP IV or DPPIV) and dipeptidyl aminopeptidase IV 

are used interchangeably. CD26 is a postproline cleaving enzyme with a specificity for 
removing Xaa-Pro (where Xaa represents any amino acid) dipeptides from the amino 
terminus of polypeptides. 

By alpha-carbon of an amino acid is the one to which the carboxylic acid group is 

25 attached. All naturally occurring amino acids are alpha-amino acids or alpha-imino, which 
means that the amino and carboxylic acid groups are both attached to the same carbon atom. 
Each amino acid can be thought of as a single carbon atom (the alpha carbon, C) to which 
there is attached one carboxyl group, one amino group, a side chain denoted R and a 
hydrogen, wherein: "R" is a side chain; "NH 2 " is the alpha amino group; the first carbon (C) 

30 attached to the NH 2 group having a hydrogen (H) and an R group attached is the alpha 

carbon; and the carbon double bonded to an oxygen and a hydroxyl group (OH) is the alpha 
carboxyl group. 
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The NH 2 and COOH groups are used to covalently couple amino acids to one another. 
The hydroxy! group (OH) of one amino acid on the carboxyl end and the hydrogen (H) on the 
N terminus are removed (H 2 0) when two amino acids are linked together. To form a protein, 
the amino group of one amino acid reacts with the carboxyl group of another by the 
5 elimination of water; the resulting chemical bond is called a peptide bond. 

By "peptides' 1 is meant a small molecule, e.g., usually containing less than 50 amino 
acid residues, which do not generally possess a well-defined three-dimensional structure. 
Pharmaceutical preparations and modes of administration are described herein. 
Other features and advantages of the invention will be apparent from the following 
1 0 detailed description, and from the claims 

Brief Description Of The Drawings 
Figure 1 shows the oral bioavailability of cyclic PT-100 and the HC1 and methane 
sulfonate salts of PT- 1 00; 

Figure 2 shows the effect of cyclic PT1 00 and the Chi and methane sulfonate salts of 
1 5 PT-1 00 on the regeneration of neutrophils in cyclophosphamide treated mice; 

Figure 3 shows the structures of the open and cyclized forms of Xaa-boroPro 
inhibitors (conformational equilibrium of Xaa-boroProline inhibitors). 
Figure 4 shows the structure of Formula I. 

Figure 5 shows the reaction scheme for the proposed boronoproline synthetic route. 
20 Figure 6 shows the reaction scheme for the N-BOC-(S)-Val-(R)-boroPro- 

(1 S,2S,3R,5S)-pinanediol ester, IP068. 

Figure 7 shows the reaction scheme for the H 2 N-(S)-Val-(R)-boroPro-(l S,2S,3R,5S)- 
pinanediol ester, HC1 IP069. - - 

Figure 8 shows the reaction scheme for the CycIo-(S)-Val-(R)-boroPro, IP070. 
25 Figure 9 shows the reaction scheme for the H 2 N-(S)-Val-(R)-boroPro-OH,HCl,FP020. 

Detailed Description 

The invention is based upon a variety of surprising and unexpected findings. It has 
been.discovered, unexpectedly, that boro-Pro compounds of the type described in U.S. 
30 4,935,493 (Bachovchin *493) in cyclic form can be orally administered to a subject for 
treating the same types of conditions for which the linear molecules are useful. It is 
postulated that the cyclic boro-Pro compounds undergo a transformation reaction under acidic 
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conditions in vivo (e.g., stomach) to form a linear reaction product that is capable of 
selectively binding to CD26 (DP-IV). These unexpected results have important therapeutic 
and experimental research implications. Thus, the methods and compositions of the 
invention are directed to a novel pharmaceutical prodrug, namely, cyclic boro-Proline 
5 compounds, for oral administration. The invention also embraces lyophilized forms of the 
cyclic boroProline compounds that can be reconstituted in an acidic buffer prior to use to 
form linear boro-Proline compounds for use in accordance with the methods of the invention. 
Novel compositions containing the substantially pure cyclic boroProline compounds of the 
invention, in solution or dry form, also are provided. 

1G The agents useful according to the in vention are the cyclic forms of the compounds of 

Formula I (as shown in figure 4), wherein each X, and X 2 is, independently, a hydroxyl group 
or a group capable of being hydrolyzed to a hydroxyl group in aqueous solution at 
physiological pH; and X represents an amino acid or a peptide which mimics the site of a 
substrate recognized by a post prolyl cleaving enzyme. In the preferred embodiments, the 

1 5 amino acids are L-amino acid residues (for glycine there is no such distinction); preferably, 
the C bonded to B is in the L-configuration. By "the C bonded to B is in the L-configuration" 
is meant that the absolute configuration of the C is like that of an L-amino acid. 
Thus, the 



20 group has the same relationship to the C as the --COOH group of an L-amino acid has to its 
a carbon. In some embodiments, X is valine, alanine, or proline residues and the inhibitor, 
preferably, is L-Val-L-boroPro, L-Ala-L-boroPro; or L-Pro-L-boroPro, or any isomer of the 
foregoing, respectively. 

As used herein, compound of the invention means the compounds described above as 

25 well as salts thereof 

Peptides which reportedly have utility for inhibiting post-prolyl cleaving enzymes and 
which, if coupled to a reactive group, form a covalent complex with a functional group in the 
reactive site of a post-prolyl cleaving enzyme are described in U.S. Patent No. 4,935,493, 
"Protease Inhibitors", issued to Bachovchin et al. ("Bachovchin 4 493"); U.S. 5,462,928, 

30 "Inhibitors of Dipeptidyl-aminopeptidase Type IV", issued to Bachovchin et al. ("Bachovchin 
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- '928*'); "Proline Derivatives and Compositions for Their Use as Inhibitors of HIV Protease", 
issued to Hanko et al., ("Hanko '604"); PCT/US92/09845, "Method for Making a 
Prolineboronate Ester", and its U.S. priority applications (USSN 07/796,148 and 07/936,198), 
Applicant Boehringer Ingelheim Pharmaceuticals, Inc. ("Boehringer"); and 
5 PCT/GB94/026 1 5, "DP-IV-Serine Protease Inhibitors", Applicant Ferring V. V. ("Ferring"). 

The cyclic boroProline compounds of the invention undergo a conformational change 
to a linear form ("linear boroProline compounds") that mimics the substrate binding site of 
the post-prolyl cleaving enzyme DP IV (also referred to herein as "CD 26"). DP IV is a post- 
prolyl cleaving enzyme with a specificity for removing Xaa-Pro (where Xaa represents any 

1 0 amino acid) dipeptides from the amino terminus of a polypeptide substrate. Representative 
structures of transition-state analog-based inhibitors Xaa-boroPro, include Val-BoroPro, Lys- 
BoroPro, Pro-BoroPro and Ala-BoroPro in which "boroPro" refers to the analog of proline in 
which the carboxylate group (COOH) is replaced with a boronyl group [B(OH) 2 ]. 

In a particularly preferred embodiment of the invention, the cyclic boroProline 

1 5 compound is a Val-boroProline compound. A "Val-boroProline compound" refers to a 

compound of formula I in which the carboxy terminal boroProline is covalently coupled via a 
peptide linkage in accordance with standard peptide chemistry to a valine amino acid residue. 
The valine amino acid, optionally, is further coupled via a peptide linkage to additional amino 
acid residues, provided that the additional amino acid residues do not inhibit the ability of the 

20 VaJ-boroProIine compound to bind to CD26. In a most preferred embodiment, the compound 
of the invention is Val-boroPro (also referred to as "PT-100"). Because of the chiral carbon 
atoms present on the amino acid residues and on the carbon attached to the boron atom, Val- 
boroPro can exist in multiple isomeric forms: (a) L-Val-S-boroPro, (b) L-Val-R-boroPro, (c) 
D-Val-S-boroPro, and (d) D-Val-R-boroPro. More preferably, the compound is L-Val-S- 

25 boroPro or L-Val-R-boroPro. In an analogous manner, the other cyclic boroProline 

compounds of the invention can exist in multiple isomeric forms; however, in general, the 
forms in which each amino acid chiral center has an "L-" configuration and the boroPro is in 
the R or S configuration are the preferred forms of the compounds. 

Throughout this application, conventional terminology is used to designate the 

30 isomers as described below and in appropriate text books known to those of ordinary skill in 
the art. (See, e.g., Principles in Biochemistry, editor A.L. Lehninger, page 99-100, Worth 
Publishers, Inc. (1982) New York, NY; Organic Chemistry, Morrison and Boyd, 3rd Edition, 
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Chap. 4, Allyn and Bacon, Inc., Boston, MA (1978); See also, Patent Cooperation Treaty 
published application WO93/10127, application no. PCT/US92/09845). 

All amino acids, with the exception of glycine, contain an asymmetric or chiral carbon 
and may contain more than one chiral carbon atom. The asymmetric a carbon atom of the 
5 amino acid is referred to as a chiral center and can occur in two different isomeric forms. 
These forms are identical in all chemical and physical properties with one exception, the 
direction in which they can cause the rotation of plane-polarized light. These amino acids are 
referred to as being "optically active, i.e., the amino acids can rotate the plane-polarized light 
in one direction or the other. 

10 The four different substituent groups attached to the a carbon can occupy two 

different arrangements in space. These arrangements are not super imposable mirror images 
of each other and are referred to as optical isomers, enantiomers, or stereo isomers. A 
solution of one stereo isomer of a given amino acid will rotate plane polarized light to the left 
and is called the levorotatory isomer [designated (-)]; the other stereo isomer for the amino 

1 5 acid will rotate plane polarized light to the same extent but to the right and is called 
dextrorotatory isomer [designated (+)]. 

A more systematic method for classifying and naming stereo isomers is the absolute 
configuration of the four different substituents in the tetrahedryin around the asymmetric 
carbon atom (e.g., the a carbon atom). To establish this system; a reference compound was 

20 selected (glyceraldehyde), which is the smallest sugar to have an asymmetric carbon atom. 
By convention in the art, the two stereo isomers of glyceraldehyde are designated L and D. 
Their absolute configurations have been established by x-ray analysis. The designations. 
Land D, also have been assigned to the amino acids by reference to the absolute configuration 
of glyceraldehyde. Thus, the stereo isomers of chiral compounds having a configuration 

25 related to that of L-glyceraldehyde are designed L, and the stereo isomers having a 

configuration related to D-glyceraldehyde are designated D, regardless of the direction in 
which they rotate the plane-polarized light. Thus, the symbols, L and D, refer to the absolute 
configuration of the four substituents around the chiral carbon. 

In general, naturally occurring compounds which contain a chiral center are only in 

30 one stereo isomeric form, either D or L. The naturally occurring amino acids are the L stereo 
isomers; however, the invention embraces amino acids which can be in the D stereo isomer 
configuration. 
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Most amino acids that are found in proteins can be unambiguously named using the D 
L system. However, compounds which have two or more chiral centers may be in 2 n possible 
stereo isomer configurations, where n is the number of chiral centers. These stereo isomers 
sometimes are designated using the RS system to more clearly specify the configurations of 
5 amino acids that contain two or more chiral centers. For example, compounds such as 
threonine isoleucine contain two asymmetric carbon atoms and therefore have four stereo 
isomer configurations. The isomers of compounds having two chiral centers are known as 
diastereomers. A complete discussion of the R S system of designating optical isomers for 
amino acids is provided in Principles in Biochemistry, editor A.L. Lehninger, page 99-100, 

10 supra. A brief summary of this system follows. 

The R S system was invented to avoid ambiguities when a compound contains two or 
more chiral centers. In general, the system is designed to rank the four different substituent 
atoms around an asymmetric carbon atom in order of decreasing atomic number or in order of 
decreasing valance density when the smallest or lowest-rank group is pointing directly away 

1 5 from the viewer. The different rankings are well known in the art and are described on page 
99 of Lehninger. If the decreasing rank order is seen to be clock-wise, the configuration 
around the chiral center is referred to as R; if the decreasing rank order is counter-clockwise, 
the configuration is referred to as S. Each chiral center is named accordingly using this 
system. Applying this system to threonine, one skilled in the art would determine that the 

20 designation, L-threonine, refers to (2S, 3R)-threonine in the RS system.. The more traditional 
designations of L- ? D-, L-allo, and D-allo, for threonine have been in common use for some 
time and continue to be used by those of skill in this art. However, the R S system 
increasingly is used to designate the amino acids, particularly those which contain more than 
one chiral center. 

25 By "substantially pure" it is meant that the cyclic compounds of the invention 

represent at least about 90% by weight of the composition. In certain embodiments, the 
cyclic boroProline compound represents a percentage by weight of the composition selected 
from the group consisting of at least 5%, at least 1 0%, at least 20%, at least 30% : at least 
40%, at least 50%, at least 60%, at least 70%, at least 80%. at least 90%, at least 95%, at least 

30 96%, at least 97%, at least 98%, at least 99%, and at least 99.5%. 

In these and other embodiments, the compositions contain a linear boroProline 
compound that represents a percentage by weight of the composition selected from the group 
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consisting of a percentage that is less than 95%, less than 90%, less than 80%, less than 70%, 
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10%, 
less than 5%, less than 4%, less than 3%, less than 2%, less than 1 .0 %, and less than 0.5. 
According to yet another aspect of the invention, pharmaceutical compositions and 
5 methods for manufacturing such compositions are provided. The pharmaceutical 

compositions of the invention contain: (1) a pharmaceutically acceptable carrier; and (2) one 
or more of the cyclic boroProline compounds of the invention. In the preferred embodiments, 
the cyclic boroProline compound is Val-boroPro. Preferably, the pharmaceutical 
compositions are sterile. The term "pharmaceutically-acceptable carrier" as used herein 

i 0 means one or more compatible solid or liquid filler, diluents or encapsulating substances 

which are suitable for administration to a human or other animal. The term "carrier" denotes 
an organic or inorganic ingredient, natural or synthetic, with which the active ingredient is 
combined to facilitate the application. The components of the pharmaceutical compositions 
also are capable of being co-mingled with the molecules of the present invention, and with 

1 5 each other, in a manner such that there is no interaction which would substantially impair the 
desired pharmaceutical efficacy. 

Preferably, the pharmaceutical compositions are formulated for oral or parenteral 
administration; however, lyophilized forms of the cyclic compounds are also provided. Such 
lyophilized or otherwise dried forms of the compounds of the invention are reconstituted in a 

20 buffer of appropriate pH and salt concentration prior to administration. For oral or parenteral 
administration, the cyclic compounds of the invention are reconstituted in an acidic or neutral 
buffer prior to administration. For parenteral administration, the cyclic compounds of the 
invention optionally are reconstituted in an acidic buffer to induce linearization prior to 
administration. In general, the conditions for reconstitution involve placing the cyclic 

25 compound in a buffer having a pH which will allow the cyclic molecule to maintain its 

conformation upon reconstitution (e.g., oral or parenteral formulations) or which will mediate 
a conformational change from a cyclic to a linear boro-Proline compound (e.g., oral or 
parenteral formulations). It is believed that oral formations containing the cyclic boroProline 
compounds of the invention undergo a conformation change from cyclic to linear form 

30 following administration, namely, when the compounds are subjected to the acidic pH 

conditions of the digestive system. For this reason, certain oral formation embodiments of 
the invention do not include an enteric coating. 
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In a related aspect of the invention, a method for manufacturing a phannaceutical 
composition is provided. The method involves placing a cyclic boroProline compound of the 
invention in a pharmaceutical^ acceptable carrier. Preferably, the pharmaceutical^ 
acceptable carrier is suitable for oral administration. More preferably, the method involves 
5 formulating the composition into a tablet or capsule which does not include an enteric 

coating. In yet alternative embodiments, the pharmaceutical^ acceptable carrier is suitable 
for parenteral administration and the method further involves lyophilizing (or otherwise 
drying) the composition to form a lyophilized preparation. Such compositions can be 
reconstituted by adding to the preparation, a pharmaceutical^ acceptable carrier having an 

1 0 acidic pH to form a reconstituted preparation for parenteral administration. Alternatively, 
such composition can be reconstituted by adding to the preparation a pharmaceutical!}' 
acceptable carrier having a neutral pH (e.g., about pH 6-pH 8, more preferably, from pH 6.5- 
7.5) to form a reconstituted preparation for oral administration. 

According to yet another aspect of the invention, a method for stimulating activation 

15 or proliferation of human lymphocytes, hematopoietic cells or stromal cells is provided. The 
method involves contacting said lymphocytes or hematopoietic cells, in vivo or in vitro, with 
an activation or proliferation-inducing concentration of one or more cyclic boroProline 
compounds of the invention. In certain preferred embodiments, contacting is carried out by 
orally administering the compound to a human patient in need of such treatment, i.e., the 

20 patient is diagnosed as having an adverse medical condition characterized by inadequate 
lymphocyte or hematopoietic cell activation or concentration. Parenteral administration of 
the reconstituted cyclic compound under conditions to form a linear compound can, 
alternatively, be used to practice the method of treatment. 

The compounds of the invention can be administered alone, or in combination with 

25 additional agents for treating the condition, e.g., a different agent which stimulates activation 
or proliferation of said lymphocytes or hematopoietic cells, for example, the compounds of 
the invention can be administered in conjunction with exogenous growth factors and 
cytokines which are specifically selected to achieve a particular outcome. For example, if it 
is desired to stimulate a particular hematopoietic cell type, then growth factors and cytokines. 

30 which stimulate proliferation and differentiation of such cell type are used. Thus, it is known 
that interleukins-1, 2, 3, 4, 5, 6, 7, 9, 10, 1 1, 12, 13 and 1 7 are involved in lymphocyte 
differentiation. Interleukins 3 and 4 are involved in mast cell differentiation. Granulocyte 
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macrophage colony stimulating factor (GMCSF), interieukin-3 and interleukin-5 are involved 
in the eosinophil differentiation. GMCSF, macrophage colony stimulating factor (MCSF) 
and IL-3 are involved in macrophage differentiation. GMCSF, GCSF and IL-3 are involved 
in neutrophil differentiation. GMSCF, IL-3, IL-6, IL-1 1 and TPO are involved in platelet 
5 differentiation. Flt3 Ligand is involved in dendritic cell growth. GMCSF, IL-3, and 
erythropoietin are involved in erythrocyte differentiation. Finally, the self-renewal of 
primitive, pluripotent progenitor cells capable of sustaining hematopoiesis requires SCF 5 Flt3 
Ligand, G-CSF, IL-3, IL-6 and IL-1 1. Various combinations for achieving a desired result 
will be apparent to those of ordinary skill in the art. Because the agents useful according to 

1 0 the invention stimulate primitive, non-committed hematopoietic progenitor ceils, they can be 
used in connection with any of the foregoing categories of agents to stimulate specifically the 
proliferation of a particular hematopoietic cell type. The foregoing factors are well known to 
those of ordinary skill in the art, and most are commercially available. 

According to certain embodiments, contacting the lymphocytes with the compounds 

15 of the invention can be performed in vitro. For example, any of the following cells can be 
withdrawn from a patient or cell donor and contacted with a linearized compound of the 
invention in vitro: T cells, bone marrow cells, stem cells or early lineage progenitor cells 
from the subject. Preferably, the compounds of the invention are adjusted to neutral pH prior 
to, or concurrent with, contacting the compounds with the isolated cells in vitro to facilitate 

20 formation of the linear boroProline compounds. In this manner, the cyclic compounds can be 
stored for prolonged periods of time in cyclic form, thereby reducing degradation/enhancing 
stability of the compounds prior to use. The cells are contacted with amounts of the 
compounds of the invention that are effective to stimulate the cells; thereafter the treated cells 
are reintroduced the cells to the patient. 

25 According to another aspect of the invention, methods are provided for modulating 

immune system function. The compounds of the invention are administered to subjects in 
need of immune system modulation in amounts effective to modulate immune system 
function. Modulation of immune system function includes, but is not limited to, increasing 
immune function such as by stimulating proliferation and specific immune function of CD-26 

30 bearing cells to produce a prophylactic or therapeutic result relating to infectious disease, 
cancer, and the like. Specifically included is the use of the compounds of the invention for 
the treatment of disorders characterized by reduced T cell levels in vivo, e.g., HIV and other 
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disorders associated with a compromised immune system. Modulation of immune system 
function also includes, but is not limited to, decreasing immune function such as by 
suppressing generally the immune system in transplant recipients or suppressing specifically 
the immune system to treat autoimmune disease, allergy and the like. In one important 
5 embodiment the cyclic boroProline compounds of the invention are used to stimulate blood 
cell proliferation, as described in detail below. Specific conditions that may be treated 
according to the invention are deemed specific independent aspects of the invention and are 
described in detail in the examples. Exemplary conditions that can be treated by 
administering the compounds of the invention include: HIV infection; neoplasms (wherein 

1 0 the lymphocytes are cytolytic or helper T cells to attack the neoplasm); side effects of 
chemotherapy or radiation therapy (e.g., resulting from a depletion of cells of the immune 
system such as a depletion of cells derived from lymphoid, erythroid and/or myeloid 
lineages); kidney failure (e.g., resulting in depletion of cells of the immune system); bone 
marrow disorders resulting in immunodeficiency; autoimmunity; and immunodeficiency 

1 5 (e.g., resulting from depletion of cells of the immune system). 

The compounds of the invention can be used to stimulate activation or proliferation of 
human lymphocytes, by contacting the lymphocytes with a proliferation or activation- 
inducing concentration of the compound in vitro or in vivo. The method preferably involves 
in vivo administration of the compound, admixed with a pharmaceutically acceptable carrier 

20 such as pharmaceutical, sterile saline. The patient can be any patient who suffers from a. 

condition characterized by inadequate lymphocyte activation or concentration. Examples of 
such conditions are HIV infection, kidney failure, cancer (in particular, cancer accompanied 
by lymphocyte-depleting chemotherapy), and bone marrow disorders which result in depleted 
lymphocyte populations in the patient. The compound is preferably administered to the 

25 patient orally. Alternatively, the compounds can be used to stimulate proliferation or 
activation of lymphocytes in vitro, e.g., where a patient's autologous lymphocytes are 
removed, stimulated to increase activation and/or number of lymphocytes, and reinfused into 
the patient. This method can be used, for example, to increase the number of cytolytic T cells 
specific for a patient's tumor or T cells in HIV infected patients. . 

30 In one important aspect of the invention, the subject has an abnormally low level of 

hematopoietic cells or mature blood cells and the agent is administered in an amount effective 
to restore levels of a hematopoietic cell-type or mature blood cell-type to a preselected 
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normal or protective level. The agent preferably is administered to the subject in at least 2 
doses in an 18-hour period. The invention has particularly important applications in the 
restoration of normal or protective levels of neutrophils, erythrocytes and platelets. The most 
preferred agent is cyclic ValBoroPro. 

According to another aspect of the invention, a method is provided for shortening or 
eliminating the time that a subject has an abnormally low level of hematopoietic or mature 
blood cells resulting from treatment with a hematopoietic cell inhibitor. An agent is 
administered to a subject in need of such treatment in an amount effective to increase the 
number of hematopoietic cells or mature blood cells in the subject, wherein the administration 
of the agent begins prior to or Substantially simultaneous with administration of the 
hematopoietic cell inhibitor. The agents and the preferred agent are as described above. In 
one important embodiment, the hematopoietic cell inhibitor causes an abnormally low level 
of hematopoietic cells or mature blood cells in the subject and the agent is administered in an 
amount effective to restore levels of a hematopoietic cell type to a preselected normal or 
protective level. Preferably, the agent is administered to the subject in at least 2 doses in an 
1 8 hour period. In important embodiments, the agent is used to restore in the subject normal 
or protective levels of neutrophils, erythrocytes or platelets. The preferred effective amount 
of agent is as described above. 

According to another aspect of the invention, a method is provided for preparing a 
subject for treatment with a hematopoietic cell inhibitor. The method involves administering 
to the subject prior to the subject receiving the hematopoietic cell inhibitor an agent in an 
amount effective to stimulate in the subject production of growth factors. In one embodiment 
the agent stimulates stromal cell production of growth factor. The agents and the preferred 
agent are as described above. In one important embodiment, the growth factor is granulocyte 
colony stimulating factor. In other embodiments the growth factor is selected from the group 
consisting of IL-1, IL-2, IL-3, IL-4, IL-6, IL-1 1, IL-1 7, TPO, EPO, MCSF, GMCSF, FLT-3 
Ligand and Stem Cell Factor. Preferably, the amount administered to the subject is less than 
1 mg/kg body weight per day. It also is preferred that the administration of the agent be in at 
least 2 doses of the agent in an 1 8 hour period. 

According to another aspect of the invention, a method is provided for treating a 
subject to increase the number of hematopoietic cells or mature blood cells in the subject. An 
agent is administered to a subject in need of such treatment in an amount effective to increase 
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hematopoietic cells or mature blood cells in the subject, wherein the agent is administered in 
a first regimen consisting of 2 doses or 3 doses in an 1 8 hour period. The agents and the 
preferred agent are as described above. In one important embodiment, the agent is 
administered in a second regimen consisting of 2 doses or 3 doses in an 1 8-hour period, 
5 wherein the second regimen is separate in time from the first regimen. In another 

embodiment, the agent is administered in a third regimen consisting of 2 doses or 3 doses in 
an 18 hour period, wherein the third regimen is separate in time from the first and second 
regimens. In other embodiments, the agent is administered optionally in a fourth regimen, a 
fifth regimen, a sixth regimen, or a seventh regimen, wherein each of such regimens consists 

10 of 2 doses or 3 doses in an 1 8 hours period, and wherein the regimens are separate in time 
from one another and from the prior regimens. In one important embodiment, the subject has 
an abnormally low neutrophil count and the amount is effective to restore in the subject a 
preselected level of neutrophils. In other important embodiments the subject has abnormally 
low levels of erythrocytes and platelets. The preferred dosages, agents, and the like are as 

1 5 described above. In important embodiments, the dosage is no more than six regimens, no 
more than five regimens, no more than four regimens, no more than three regimens, and even 
no more than two regimens. 

One important aspect of the invention involves restoring or preventing a deficiency in 
hematopoietic cell number in a subject. Such deficiencies can arise, for example, from 

20 genetic abnormalities, from disease, from stress, from chemotherapy (e.g. cytotoxic drug 

treatment, steroid drug treatment, immunosuppressive drug treatment, etc.) and from radiation 
treatment. 

The invention is useful in general to restore deficiencies created by hematopoietic cell 
inhibitors. A hematopoietic cell inhibitor is an exogenous) y-applied agent (such as a drug or 
25 radiation treatment) which causes a decrease in the subject of hematopoietic cells and/or 
mature blood cells. 

Hematopoietic cells as used herein refer to granulocytes (e.g. promyelocytes, 
neutrophils, eosinophils and basophils), erythrocytes, reticulocytes, thrombocytes (e.g. 
megakaryoblasts, platelet-producing megakaryocytes and platelets), lymphocytes, monocytes, 
30 dendritic cells and macrophages. Mature blood cells consist of mature lymphocytes, 

platelets, erythrocytes, reticulocytes, granulocytes and macrophages. In certain important 
aspects of the invention, the agents useful according to the invention increase the number of 
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neutrophils, erythrocytes and platelets. In connection with neutrophils, the agents may be 
used to treat, inter alia, drug or radiation-induced neutropenia, chronic idiopathic neutropenia 
and cyclic neutropenia. 

Stromal cells include fibroblasts, macrophages, endothelial cells, osteoblasts, among 
5 other types of cells known to those skilled in the art and described in immunology texts. 
One important aspect of the invention is restoring in a subject "normal" or 
"protective" immune cell levels. A "normal" level as used herein can be a level in a control 
population, which preferably includes subjects having similar characteristics as the treated 
individual, such as age. The "normal" level can also be a range, for example, where a 

1 0 population is used to obtain a baseline range tor a particular group into which the subject 
falls. The population can also be divided into groups, such as into quadrants, with the lowest 
quadrant being individuals with the lowest levels of hematopoietic cells and the highest 
quadrant being individuals having the highest levels of hematopoietic cells. Thus, the 
"normal" value can depend upon a particular population selected. Preferably, the normal 

1 5 levels are those of apparently healthy subjects which have no prior history of hematopoietic 
cell disorders. Such "normal" levels, then can be established as preselected values, taking 
into account the category in which an individual falls. Appropriate ranges and categories can 
be selected with no more than routine experimentation by those of ordinary skill in the art. 
Either the mean or another preselected number within the range can be established as the 

20 normal preselected value. Likewise, the level in a subject prior to treatment with a 
hematopoietic cell inhibitor can be used as the predetermined value. 

In general, the normal range for neutrophils is about 1 800-7250 per \x\ (mean -3650); 
for basophils 0-150 per jil (mean -30); for eosinophils 0-700 per \l\ (mean -150); for 
macrophages and monocytes 200-950 per \x\ (mean -430); for lymphocytes 1 500-4000 per \i\ 

25 (mean -2500); for erythrocytes 4.2 x 10 6 - 6.1 x 10 6 per \x\\ and for platelets 133 x 10 3 - 333 x 
10 3 per The foregoing ranges are at the 95% confidence level. 

In connection with certain conditions, the medical community has established certain 
preselected values. For example, mild neutropenia is characterized as having a count of 
between 1000 and 2000 per jil, moderate neutropenia at between 500 and 1 000 per jil and 

30 severe neutropenia at below 500 per \il Likewise, in adults, a lymphocyte count at less than 
1500 is considered a medically undesirable condition. In children the value is less than 3000. 
Other preselected values will be readily known to those of ordinary skill in the art. The 
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agents useful according to the invention can be used to establish or to re-establish such 
preselected values, including normal levels. 

Protective levels of hematopoietic cells is the number of cells required to confer 
clinical benefit to the patient. The required levels can be equal to or less than the "normal 
5 levels". Such levels are well known to those of ordinary skill in the art. For example, a 
protective level of neutrophils is above 1000, preferably, at least 1500. 

Generally, the compounds of the invention or compositions thereof are useful as 
immune response modulating therapeutics (1) to treat disease conditions characterized by 
immunosuppression, e.g., AIDS or AIDS-related complex, other viral or environmentally 

1 0 induced conditions and certain congenital immune deficiencies; (2) to increase an immune 
function which has been impaired by the use of immunosuppressive drugs, (3) to treat 
systemic lupus erythematosis, rheumatoid arthritis, and multiple sclerosis. 

The compounds of the invention, in cyclic form or following linearization, or 
compositions thereof can be used to stimulate the growth of hematopoietic cells in culture. 

1 5 Such cells can be transplanted into mammals, e.g., humans, to strengthen or boost the 

hematopoietic, immune system, or both. These compounds also can be used to treat patients 
suffering from disease or from deficiency of hematopoietic cells such as AIDS patients, 
patients undergoing chemotherapy and/or patients under radiotherapy for hematological or 
. other cancers, and patients undergoing bone marrow transplants. 

20 When administered to mammals, e.g., humans, the compounds of the invention may 

enhance the ability of the immune system to regenerate cells that are suppressed, e.g., CD4 
and T cells. Thus, the compounds of this invention, can be administered to mammals, e.g., 
humans, in an effective amount alone or in combination with a pharmaceutical^ acceptable 
carrier, excipient, or diluent, in unit dosage form. Conventional pharmaceutical practice can 

25 be employed to provide suitable formulations or compositions to administer these compounds 
to patients suffering from, immunosuppression or an immune deficiency or presymptomatic of 
AIDS. Any appropriate route of administration may be employed, for example, parenteral, 
intravenous, subcutaneous, intramuscular, intracapsular, intraspinal, intracisternal, 
intraperitoneal, intranasal, aerosol, or oral administration. Therapeutic formulations may be 

30 in the form . of liquid solutions or suspensions; for oral administration, formulations may be in 
the form of tablets or capsules; and for intranasal formulations, in the form of powders, nasal 
drops, or aerosols. As noted above, compounds which are orally administered do not require 
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adjustment of the pH to acidic conditions to form the linear compound prior to administration 
in view of the acidic environment of the digestive system. 

The compounds of the invention or compositions thereof can be used to control the T 
cell activation process and thus be used to prevent unwanted immune responses. 

The compounds of the invention or compositions thereof can be used to enhance 
recall-antigen specific immune responses. Lymphocytes from most HIV-infected individuals 
exhibit a qualitative defect in their ability to respond to recall antigens (A.S. Fauci. The 
human immunodeficiency virus: infectivity and mechanisms of pathogenesis. Science 239, 
617-722 (1988)). This defect is exhibited early after infection and long before CD4+ T cell 
number decline. Accordingly, it is believed that these compounds wiii be useful in treating 
AIDS. Thus, the stimulatory activities should improve lymphocyte function in HIV infected 
individuals by ameliorating the defective recall antigen responses which show up early after 
infection, and by improving CD4+T cell numbers. 

Since it is believed that the compounds of the invention, in cyclic or linear form, have 
1 5 high affinity and specificity for CD26, they can be useful for the selective delivery of other 
therapeutic agents to, and into all CD26-bearing cells, e.g., CD4+ T cells. Thus, the 
compounds of the invention can be used to deliver pharmacological agents inside CD26- 
bearing cells that normally are unable to penetrate such cells. For example, many highly 
potent inhibitors of the HIV protease have been developed, which despite their high affinities 
20 for the HIV proteinase, are limited in blocking HIV in vivo owing to their inability to get 

inside the CD26-bearing cells. These HIV proteinase inhibitors can be linked to a compound 
of the invention (e.g., via covalent attachment to an amino acid side chain or functional group 
in the non-CD26 binding portion of the molecule (the amino terminus), provided the 
attachment does not adversely affect the ability of the compound to cyclize at neutral pH) and 
25 delivered into CD26+ cells. Even if a drug is capable of entering CD26+ cells, the 

compounds of the invention can be used to concentrate the drug in CD26+ cells, thereby 
maximizing the desired pharmacological activity while minimizing unwanted toxic side 
- effects on other cells. This delivery vehicle therefore provides a mechanism to prevent lysis 
of HIV infected cells, e.g., by delivering AZT to CD26+ cells. Thus, the CD26 
30 internalization activity of the compounds disclosed herein can be used to provide a vehicle for 
delivering and concentrating other therapeutic agents into CD26-bearing cells. 

The compounds of the invention or compositions thereof can be administered alone or 
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" in combination with one another, or in combination with other therapeutic agents. For . 
example, treatment with one or more of the compounds of the invention can be combined 
with more traditional therapies for treating disorders of the immune system. 

When administered, the pharmaceutical preparations of the invention are applied in 
5 pharmaceutically-acceptable amounts and in pharmaceutical ]y-acceptably compositions. 
Such preparations may routinely contain salt, buffering agents, preservatives, compatible 
carriers, and optionally other therapeutic agents. When used in medicine, the salts should be 
pharmaceutically acceptable, but non-pharmaceutically acceptable salts may conveniently be 
used to prepare pharmaceutically-acceptable salts thereof and are not excluded from the scope 

10 of the invention. Such pharmacologically and pharmaceutically-acceptable salts include, but 
are not limited to, those prepared from the following acids: hydrochloric, hydrobromic, 
* sulfuric, nitric, phosphoric, maleic, acetic, salicylic, citric, formic, malonic, succinic, and the 
like. Also, pharmaceutically-acceptable salts can be prepared as alkaline metal or alkaline 
earth salts, such as sodium, potassium or calcium salts. The pharmaceutical compositions 

1 5 also may contain, optionally, suitable preservatives, such as: benzalkonium chloride; 

chlorobutanol; parabens and thimerosal. Carrier formulation suitable for oral, subcutaneous, 
intravenous, intramuscular, etc. administrations can be found in Remington's Pharmaceutical 
Sciences, Mack Publishing Co., Easton, PA. 

A variety of administration routes are available for treating a subject. The particular 

20 mode of delivery selected will depend, of course, upon the particular compound selected, the 
severity of the condition being treated and the dosage required for therapeutic efficacy. The 
methods of the invention, generally speaking, may be practiced using any mode of 
administration that is medically acceptable, meaning any mode that produces effective levels 
of the active compounds without causing clinically unacceptable adverse effects. Such modes 

25 of administration include oral, rectal, topical, nasal, interderrnal, or parenteral routes. Such 
modes of administration also include obtaining T cells or bone marrow cells, stem cells or 
early lineage progenitor cells from a patient and contacting the isolated cells with the 
compounds of the invention ex vivo, followed by reintroducing the treated cells to the patient. 
The treated cells can be reintroduced to the patient in any manner known in the art for 

30 administering viable cells. 

Oral administration is particularly preferred. Compositions suitable for oral 
administration may be presented as discrete units, such as capsules, tablets, lozenges, each 
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containing a predetermined amount of the compound of the invention. Other compositions 
include suspensions in aqueous liquids or non-aqueous liquids such as a syrup, elixir or an 
emulsion. Preferably, the oral preparation does not include an enteric coating since it is 
desirable to expose the cyclic compounds of the invention to the acidic pH conditions of the 
5 digestive tract to convert the cyclic molecules to their linear counterparts. 

As used herein, the term "parenteral" includes subcutaneous, intravenous, 
intramuscular, or infusion. Compositions suitable for parenteral administration conveniently 
comprise a sterile aqueous preparation of the compound, which is preferably isotonic with 
the blood of the recipient. This aqueous preparation may be formulated according to known 

10 methods using suitable dispersing or wetting agents and suspending agents. The sterile 
injectable preparation also may be a sterile injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3 -butane diol. 
Among the acceptable vehicles and solvents that may be employed are. water. Ringer's 
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are 

15 conventionally employed as a solvent or suspending medium. For this purpose any bland 
fixed oil may be employed including synthetic mono- or di-glycerides. In addition, fatty 
acids such as oleic acid may be used in the preparation of injectables. Intravenous or 
intramuscular routes are not particularly suitable for long-term therapy and prophylaxis. 
They could, however, be preferred in emergency situations. Oral administration will be 

20 preferred for prophylactic and other treatment because of the convenience to the patient as 
well as the dosing schedule. 

The pharmaceutical compositions may conveniently be presented in unit dosage form 
and may be prepared by any of the methods well-known in the art of pharmacy. The methods 
include the step of bringing the compounds of the invention into association with a carrier 

25 which constitutes one or more accessory ingredients. In general, the compositions are 

prepared by uniformly and intimately bringing the compounds into association with a liquid 
carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product. 

Other delivery systems can include time-release, delayed release or sustained release 
delivery systems. Such systems can avoid repeated administrations of the compounds 

30 described above, increasing convenience to the subject and the physician. Many types of 
release delivery systems are available and known to those of ordinary skill in the art. They 
include polymer base systems such as poly(lactide-glycolide), copolyoxalates, 
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polycaprolactones, polyesteramides, polyorthoesters, polyhydroxybutyric acid, and 
polyanhydrides. Microcapsules of the foregoing polymers containing drugs are described in, 
for example, U.S. Patent 5,075,109. Delivery systems also include non-polymer systems that 
are: lipids including sterols such as cholesterol cholesterol esters and fatty acids or neutral 
5 fats such as mono- di- and tri-glycerides; hydrogel release systems; sylastic systems; peptide 
based systems; wax coatings; compressed tablets using conventional binders and excipients; 
partially fused implants; and the like. Specific examples include, but are not limited to: (a) - 
erosional systems in which the compound is contained in a form within a matrix such as 
those described in U.S. Patent Nos. 4,452,775, 4,667,014, 4,748,034 and 5,239,660 and (b) 

1 0 diffusional systems in which an active component permeates at a controlled rate from a 

polymer such as described in U.S. Patent Nos. 3,832,253, and 3,854,480. In addition, pump- 
based hardware delivery systems can be used, some of which are adapted for implantation. 

Use of a long-term sustained release implant may be particularly suitable for treatment 
of chronic conditions. Long-term release, as used herein, means that the implant is 

1 5 constructed and arranged to delivery therapeutic levels of the active ingredient for at least 1 0 
days, and preferably 60 days. Long-term sustained release implants are well-known to those 
of ordinary skill in the art and include some of the release systems described above. 

The compounds described herein are administered in effective amounts. An effective 
amount is a dosage of the compound sufficient to provide a medically desirable result. The 

20 effective amount will vary with the particular condition being treated, the age and physical 
condition of the subject being treated, the severity of the condition, the duration of the 
treatment, the nature of the concurrent therapy (if any), the specific route of administration . 
and like factors within the knowledge and expertise of the health practitioner. For example, 
an effective amount for stimulating T cell activation or hematopoiesis would be an amount 

25 sufficient to increase to a statistically significant extent T cell activation or hematopoiesis as 
for example, measured by increased cell numbers or by increased T cell activity. An effective 
amount for stimulating a desired immune response also can be measured, for example, by 
determining a change in the immune function in a subject (e.g., increased B cell response, 
increased cytotoxic T cell response, stimulation of bone marrow cell proliferation, increase in 

30 white or red blood cells, or an ability to slow, halt, or prevent an infection or cancer). An 
effective amount for treating an autoimmune disorder or allergic disorder would be that 
amount sufficient to lessen or inhibit altogether the immune or allergic response associated 
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with the disorder so as to slow or halt the development of or the progression of the disorder. 
Thus, it will be understood that the compounds of the invention can be used to treat an 
autoimmune disorder (e.g., transplant rejection) prophylactically in subjects at risk of 
developing an immune response (e.g., recipients prior to transplant). As used in the claims, 
5 "inhibit" embraces all of the foregoing. Likewise, an effective amount for treating an 
immune system disorder is that amount which can slow or halt altogether the symptoms 
associated with the immune system disorder so as to prevent the disorder, slow its 
progression, or halt the progression of the immune system disorder. It is preferred generally 
that a maximum dose be used, that is, the highest safe dose according to sound medical 
10 judgment. 

Generally, doses of active compounds will be from about O.OOlmg/kg per day to 1 000 
mg/kg per day. It is expected that doses range of 0.001 to 100 mg/kg will be suitable, 
preferably orally and in one or several administrations per day. Lower doses will result from 
other forms of administration, such as intravenous administration. In the event that a 
1 5 response in a subject is insufficient at the initial doses applied, higher doses (or effectively 
higher doses by a different, more localized delivery route) may be employed to the extent that 
patient tolerance permits. Multiple doses per day are contemplated to achieve appropriate 
systemic levels of compounds. 

All patents, patent applications, references and other documents that are identified in 
20 this patent application are incorporated in their entirety herein by reference. 

EXAMPLES 

The working examples demonstrate the oral bioavailability of a representative cyclic 
compound of the invention and the functional activity of this compound with respect to 
stimulating the proliferation of lymphocytes in vivo. The examples are illustrative only and 

25 are not intended to limit the invention in any way. A particularly preferred compound of the 
invention, cyclic Val-boroPro ("PT-100"), is used in the working examples. 

Throughout this application and in particular, in each of the Examples and drawings, 
particular embodiments are described and illustrated. It is to be understood that any of the 
reactive groups disclosed herein can be substituted for the particular reactive groups (e.g., 

30 boronyl group) shown in the drawings or described in the particular Examples. Formation of 
the cyclic compounds can be assessed, e.g., by NMR. 
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EXAMPLE I: GENERAL SYNTHESIS OF COMPOUNDS 

The synthesis of the compounds of the invention involves very similar chemistry. 
These compounds are designed such that they selectively bind to the CD26 receptor. 
Synthesis of the linear boroProline compounds are described in Bachovchin '493. 
5 Conversion of the linear boroProline compounds to the cyclic boroProline compounds of the 
invention is accomplished by placing the linear compounds under conditions of neutral pH 
(about pH 6 to about pH 8.0, more preferably, about 6.5 to about 7.5) for a time sufficient to 
effect the above-described conformational change from linear to cyclic form. Conversely, 
under acidic conditions, the cyclic form undergoes a conformational change to linear form. It 

10 is beli eved that both the cyclic and linear forms of these compounds are biologically active 
(bind to the CD26 receptor) and that linearization is not required for biological or binding 
activity. Accordingly, the cyclic compounds can be administered without prior treatment to 
induce a conformational change to the linear form. 

For the most part, straightforward peptide coupling chemistry is employed to prepare 

15 the linear boroProline compounds. The standard peptide coupling chemistry methods and 
procedures used in this invention are readily available. Examples of books using these 
methods include, but are not limited to, the following citations incorporated herein by 
. reference: P.D. Bailey, An Introduction to Peptide Chemistry . Ed.: John Wiley & Sons, 
1 990; Miklos Bodansky , Peptide Chemistry. A Practical Textbook. Ed. : Springer- Verlag, 

20 1 988; Miklos Bodansky, Principles of Peptide Synthesis . "Reactivity and Structure Concepts 
in Organic Chemistry," Volume 16, Ed.: Springer- Verlag, 1984; and Miklos Bodansky, 
Principles of Peptide Synthesis. "Reactivity and Structure Concepts in Organic Chemistry," 
Volume 21 , Ed.: Springer- Verlag, 1 984. 

The compounds of the invention can begin with the synthesis of H-boroPro as taught 

25 in WO 98/00439. Use of H-boroPro is for illustrative purposes only, and is not intended to 
limit the scope of this invention. 

According to WO 98/00439, H-boroPro was prepared by the synthetic route 
previously developed and described (G.R. Flentke, et aL 'Inhibition of dipeptidyl 
aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine 

30 the role of DP-IV in T-cell function," PNAS (U.S.A.) 88, 1556-1559 (1991); also described 
in United States Patent No. 5,462,928). Alternatively, H-boroPro may be produced by a new 
procedure (Kelly, T.A., et al., "The efficient synthesis and simple resolution of a proline 
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boronate ester suitable for enzyme inhibition studies," Tetrahedron 49, 1009-1016 (1993)). 
Both of these synthetic routes reportedly yield racemic H-boroPro pinanediol. 

According to WO 98/00439, stereochemical^ pure L, L and L, D diastereomers of Z- 
Lys-boroPro were prepared by first resolving racemic H-boroPro through crystallization with 
5 optically active blocking protecting groups ((IS, 2S, 3R ; 5S)-+-pinanediol isomer) followed 
by coupling the isotopically pure L-boroPro and D-boroPro to the stereochemically pure L 
isomer of lysine (See United States Patent No. 5,462,928). Alternatively, the L,L and LJD 
diastereomers of Ly s-boroPro were prepared in high optical purity by coupling racemic H- 
boroPro by L-Lys and separating the resulting diastereomeric Z-Lys-boroPro-diester into its 

TO component L,D and LX diastereomers using reverse phase HPLC as previously described for 
diastereomeric Pro-boroPro (W.G. Gutheil and W.W. Bachovchin, "Separation of L-Pro-DL- 
boroPro into Its Component Diastereomers and Kinetic Analysis of Their Inhibition of 
Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, Tight-Binding 
Inhibition," Biochemistry 32, 8723-8731 (1993)). A specific protocol for obtaining a 

1 5 preferred compound of the invention is provided in Example 7. 

EXAMPLE 2: CYCLIZATION REACTION 

Identification of Active fOpen) and Inactive (Cyclic^ Species of Monomeric Compounds as 
Related to Inhibitory Activity of Soluble CD26 (DP TV) 

20 

In aqueous solution at all pH values, the inhibitors exist as a slowly equilibrating 
mixture of two conformations: an open chain structure (linear boroProline compound) which 
is inhibitory (active species), and a cyclic structure (cyclic boroProline compound) which is 
non-inhibitory (inactive species). See Fig. 3 which is a diagram showing the structures of the 

25 open and cyclized forms of Xaa-boroPro inhibitors (conformational equilibrium of Xaa- 

boroProline inhibitors). The open, active, inhibitory chain species is favored at low pH while 
the cyclized structure is favored at neutral pH. The reaction is fully reversible: the open chain 
becomes predominant at low pH. The open chain to cyclic species reaction involves a trans 
to cis isomerization of the proline and the formation of a new N-B bond. The cyclized 

30 structure is the boron analog of a diketopiperazine, a product often seen in peptide chemistry. 
Cyclization liberates one equivalent of H+ thereby explaining the requirement for base in the 
cyclization reaction and acid in the opening reaction. The cyclic structure is quite stable in 
aqueous solutions of high pH. 
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Prolonged incubation at high pH never leads to the complete disappearance of DP IV 
inhibitory activity for any of the Xaa-boroPro compounds examined. This observation was 
the first evidence that the active inhibitor was in a conformation equilibrium with a non- 
inhibitory species rather than undergoing an irreversible inactivation. The half life for the 
5 reformation of the open chain species from the cyclic structure is surprisingly low. Thus, it 
was concluded that the loss of inhibitory activity in aqueous solution was due to a pH 
dependent conformational equilibrium rather than a degradation reaction. 

The fact that the inhibitory activity does not go to zero for any of the Xaa-boroPro 
inhibitors, even after prolonged incubation, together with the fact that the reverse reaction, 

10 i.e.. cyclic to open chain is slow, suggested that it should be possible to measure the 
equilibrium constant for the conformation equilibrium by measuring the apparent Ki at 
equilibrium and comparing it with the true Ki. It has been reported that the ratio of [cyclic] : 
[open] forms, at neutral pH, is 156:1 for Pro-boroPro and 1 130:1 for Val-boroPro (W.G. 
Gutheil and W.W. Bachovchin, Separation of L-Pro-DL-boroPro into Its Component 

1 5 Diastereomers and Kinetic Analysis of Their Inhibition of Dipeptidyl Peptidase IV. A New 
Method for the Analysis of Slow, Tight-Binding Inhibition, Biochemistry 32, 8723-8731 
(1993)). This means that less than 1% Pro-boroPro and less than 0.1% of Val-boroPro exists 
as the open chain, inhibitory species, at equilibrium at pH 7.0. Nevertheless, under these 
conditions the inhibitors behave as though they had Ki's of 2.5 nM and 1.8 nM respectively. 

20 This apparent Ki of the "fully inactivated" species is still substantially better than, (- 1 000- 
fold) that of other inhibitors of DP IV thus far reported. 

The inventors believe that the cyclic compounds of the invention have the ability to 
specifically bind to CD26. Accordingly, the inventors predict that the biological function of 
the compounds of the invention could be significantly increased (approximately 1 00-1000 

25 times) by orally administering the cyclic compounds of the invention and permitting the 

conformational changes, e.g., linearization, to occur in vivo (e.g., under the acidic conditions 
of the stomach). Thus, if linearization is necessary, it can be accomplished in vivo and 
therefore, therapeutic concentrations in the systemic circulation can be generated in situ and, 
accordingly, it is believed that the bioactivity of the compounds of the invention can be 

30 increased by approximately 100 - 1000 fold. In addition, it is believed that the cyclic 

boroProline compounds of the invention, in lyophylized or solid form, have improved shelf 
life properties, thereby contributing to the further utility of the compounds of the invention. 
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Each of the compounds prepared as described above can be purified to homogeneity 
using HPLC and its identity can be confirmed by NMR spectroscopy, amino acid 
composition, or mass spectroscopy as deemed necessary. 

The cyclic compounds of the invention can be converted to linear form by adjusting 
5 the pH to an acidic pH (e.g., pH range: 1-3) and the potency of inhibition of CD26 proteinase 
activity by the linear boroProline compounds can be determined using conventional enzyme 
analysis (example provided below). In addition, the immunomodulatory effects of the 
compounds of the invention are evaluated by in vivo experiments using animal models and 
by in vitro experiments using cell culture methods that are believed by those of ordinary skill 
10 in the art to be predictive of an in vivo activity. 

EXAMPLE 3: ASSESSMENT OF FUNCTIONAL ACTIVITY 

The compounds of the invention have at least the following properties: (i) binding site 
is the DP IV active site; and (ii) exhibit cross-species specificity. 
15 The assays which are used to assess functional activity include: DPIV (also referred to 

as "DPPIV") activity, oral bioavailability and neutrophil proliferation assays and are 
described in detail below. The cyclic compounds may be converted to linear form prior to 
performing the activity assays or assayed directly without prior conversion. 

EXAMPLE 4. MEASURING STANDARD CD26 fDP ACTIVITY 

20 Assays to measure CD26 (DP IV) activity can be performed on the compounds of the 

invention. Methods for quantitatively measuring the interaction of small peptidomimetic 
inhibitors with CD26 or DP IV, as well as for the interaction of CD26 with larger ligands, 
e.g., the HIV Tat protein, have been developed (W.G. Gutheil and W.W. Bachovchin. 
Separation of L-Pro-DL-boroPro into Its Component Diastereomers and Kinetic Analysis of 

25 Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, Tight- 
Binding Inhibition, Biochemistry 32, 8723-8731 (1993); Gutheil, W.G., and W., B.W. Kinlsq, 
A Matlab Program for Fitting Kinetics Data with Numerically Integrated Rate Equations and 
Its Application to the Analysis of Slow, Tight Binding Data, Analytical Biochemistry 223, 13- 
20 (1994); Gutheil, W.G., et al., HIV-1 Tat Binds to DP IV (CD26): A possible Mechanism 

30 for Tat's Immunosuppressive Activity, Proc. Natl Acad. ScL U.S.A. 91, 6594-6598 (1994)). 
These methods use the chromatogenic substrate Ala-Pro-p-nitroanilide (AppNA) and 
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fluorescent substrate Ala-Pro-7-amino-4-tTifluoromethy] coumarin (AP-AFC). AppNA and 
AP-AFC are commercially available (e.g., Enzyme Systems Products, Dublin, CA). 

EXAMPLE 5. MEASURING ORAL BIOAVAILABILITY 

The data for this example appears in Figure 1 . 

Various samples of PT-100 were administered as 0.2 ml of a solution in 0.9%(w/v) 
saline by oral gavage to BALB/c mice at the doses indicated on the X-axis of Figure 1. Two 
hours later blood samples were withdrawn individually from the tails of the mice, and the 
DPPI V activity of each sample was measured in the fluorometric assay. The data are 
expressed on the Y-axis of Figure 1 as the % inhibition of the DPPIV .activity in serum 
samples collected from mice gavaged with 0.2-ml saline without compound. The mean and 
standard deviation of samples from three animals have been plotted for each data point. 

EXAMPLE 6. STIMULATI ON OF NEUTROPHIL PROLIFERATION 

The data for this example appears in Figure 2. 

On day-0, female BALB/c mice of 6-8 weeks of age were injected intraperitoneal ly 
1 5 with cyclophosphamide at a dose of 220 mg/kg. Normal controls received an injection of 
water, the vehicle alone. Commencing on day-3 and continuing through day-7, each form of 
Val-boroPro (VBP) was administered twice daily by oral gavage using a dose of 2 Mg/mouse 
for each administration. The different forms of VBP used were: HC1 = linear, the HC1 salt; 
Cyclic = free base, not salt; and MeS04 = linear, the methylsulfonate salt. Solutions of the 
20 different forms of VBP were prepared in 0. 1 N HC 1 and stored as frozen aliquots at -20 0 C. 
An aliquot of each form was thawed on day-3 and the thawed aliquots were then kept at 4°C 
for the duration of the dosing period. Normal and saline control groups received saline only 
by the same regimen. .Groups of four replicate mice were used for each dose of each form of 
VBP and the control treatments. 
25 On day-7, individual blood samples were collected from the tails of each mouse into 

EDTA-containing microtainer tubes. The data shown represent the mean (+•/- standard 
deviation) of absolute neutrophil counts calculated from a different count of peripheral blood 
smears stained with Wright Giemsa, and a total white cell count performed in a 
hemocytometer after the lysis of erythrocytes with 0.5% acetic acid. 
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■ EXAMPLE 7. SPECIFIC SYNTHESIS PROTOCOL 

The reaction schemes for this example are provided in Figure 5. 
EXAMPLE 7A. Proposed Boronoproline Synthetic Route 

The reaction scheme for this protocol is shown in Figure 5, wherein the Reagents and 
5 Conditions are as follows: I. di-r-butyl dicarbonate, dichloromethane; ii. s-butyllithium 
tetramethylethylethylenediamine; iii. trialkylborate (alkyl=methyl ? ethyl, or butyl), ether; iv. 
Dilute aqueous hydrochloric acid; v. pinanediol, ether; vi. anhydrous hyudrochloric acid, 
ethyl acetate; vii. recrystallization. 
References: 

iO S.J. Couttes et al J. Med. Chem. 1996, 39, 2087; T.A. Kelly et aLTetrahedron Letters 1993, 
49, 1009; P. Beak et al Tetrahedron Letters 1989, 30, 1 197; and F.R. Bean et al J. Amer. 
Chem. Soc. 1932,54,4415. 

EXAMPLE 7B. N-BOC-f S VVal-rRVboroPro-n S.2S.3R.5S Vpinanediol ester. TPOfift 
The reaction scheme for this protocol is shown in Figure 6. 
15 The mass of starting material, (1 S,2S,3R,5S)-pinanediol Pyrrolidine-2R*-Boronate 

HC1, equals ":A". The reaction scheme for this protocol is as follows: 

1. Charge CH 2 CI 2 (A x 20 mL/g) 

2. Charge BOC-valine (A x 0.761 g/g) 

3. Cool to 0-5 °C 

20 4. Charge hydroxybenzotriazole (A x 0.473 g/g) 

5. Charge EDCI (A x 0.874 g/g) FW=191.71 (EDCI is "l-(3-Dimethylaminopropyl)-3. 
ethylcarbodiimide hydrochlaride") 



6. 


Stir for 30 minutes at 0-5 °C 


7. 


Charge (1 S,2S,3R,5S)-pinanediol Pyrrolidine-2R*-Boronate HC1 (amount =A) 


25 8. 


Charge 4-Methylmorpholine (A x 0.722 mL/g) 


9. 


Allow to warm slowly to room temperature 


10. 


Stir overnight 


11. 


Wash with water (A x 9.5 mL/g) 


12. 


Wash with 1M KHSO, (A x 9.5 mL/g) 


30 13. 


Wash with Sat'd Na,CO ? solution (A x 9.5 mL/g) 


14. 


Dry over MgSO„ 
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15. Filter through a plug of silica gel, eluting with EtOAc(A x 0.1 L/g) 

16. Concentrate to dryness 

1 7. Theory = A x 1 .57 g/g expect=theory x (95 to 98%) 
Observed Yield: 84% 



5 EXAMPLE 7C. H,N-rSVVal-rRVhoroPrn-nS ?.S.3R.5SVp in a n ediol ester HC1 TPOfiQ 

The reaction scheme for this protocol is shown in Figure 7 and is as follows: 

1 . Charge 1 M HC1 in Et 2 0 (A x 37.2 mL/g) to a flask 

2. Bubble anhydrous HC1 into the solution for 1 0 min 

3. Cool to 0-5 °C 

10 4. Charge N-BOC-(S)-Val-(R)-boroPro-(l S,2S,3R,5S)-pinanediol ester, IP068 
(amount=A) 

5. Stir overnight, allowing mixture to warm slowly to room temperature. 

6. Concentrate to dryness 

7. Theory = A x 0.858 Expect =100% 
15 Observed Yield: 106% 

EXAMPLE 7D. Cvclo-rSVVal-fRVhornPro. TP070 

The reaction scheme for this protocol is shown in Figure 8 and is as follows: 
1 . Charge H 2 N-(S)-Val-(R)-boroPro-(l S,2S,3R,5S)-pinanediol ester, HC1 (Amount=A) 





to a flask 


20 


2. 


Charge H 2 0 (A x 25 mL/g) 




3. 


Adjust pH to 2 with IN HC1 (if necessary) 




4. 


Charge Hexane (A x 25 mL/g) 




5. 


Charge phenyl boronic acid (A x 0.333 g/g) 




6. 


Stir vigorously 


25 


7. 


Decant hexane layer and replace with fresh hexane after 30 minutes 




8. 


Again replace hexane layer after 60 minutes 




9. 


Replace hexane layer after 90 minutes 




10. 


Replace hexane layer after 1 20 minutes 




11. 


Stir overnight 


30 


12. 


Separate the layers 
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13. Load aqueous layer on prepared Dowex 50-X2-1 00 ion exchange column (H*form) 

14. Elute with H 2 0 until neutral 

15. Elute with 1:50 NH 4 OH:H 2 0 

16. Lyophilize appropriate* fractions 

5 17. Theory = A x 0.556 g/g expect 90 to 95% 
Observed Yield: 83% 

* TLC: 1:50 NH 4 OH:MeOH Product visualized using I 2 chamber. 

EXAMPLE 7E. H, N-fS VVal-rRVboroPro-OH HCLPP020 

The reaction scheme for this protocol is shown in Figure 9 and is as follows: 
10 1 . To Cyc/o-(S)-VaI-(R)-boroPro 5 IP070, charge 5 1 .4 mL/g of 0. 1 N HC1 

2. Stir lOmin 

3. Lyophillize the product 

Theory = g IP070 x 1 . 1 7 g/g Expect - 1 00% 
Observed Yield: 106% 
15 Other embodiments are within the following claims. 

While the invention has been described with respect to certain embodiments, it should be 
appreciated that many modifications and changes may be made by those of ordinary skill in 
the art without departing from the spirit of the invention. It is intended that such 
modification, changes and equivalents fall within the scope of the following claims. . 
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1. A composition comprising, 

a substantially pure preparation of a cyclic boroProline compound having the structure 
of formula I as shown in figure 4, 

wherein each X, and X 2 is, independently 9 a hydroxyl group or a group capable of 
being hydrolyzed to a hydroxyl group in aqueous solution at physiological pH; and X 
represents an amino acid or a peptide which mimics the site of a substrate recognized by a 
post prolyl cleaving enzyme. 



2. The composition of claim 1 , wherein the cyclic boroProline compound is selected 

10 from the group consisting of L-Val-S-boroPro, L-Val-R-boroPro, D-Val-S-boroPro, and D- 
Val-R-boroPro. 

3. The composition of claim 1 , wherein the cyclic boroProline compound is selected 
from the group consisting of L-Val-S-boroPro and L-Val-R-boroPro. 

4. The composition of claim 1, wherein the cyclic boroProline compound is selected 

15 from the group consisting of L-X-S-boroPro, L-X-R-boroPro, D-X-S-boroPro, and D-X-R- 
boroPro, wherein L-X is an amino acid in an L configuration or a peptide containing amino 
acids in an L configuration. 

5. The composition of claim 1 , wherein the cyclic boroProline compound is selected 
from the group consisting of L-X-S-boroPro and L-X-R-boroPro. 

20 6. The composition of claim 1 , wherein the cyclic boroProline compound represents a 
percentage by weight of the composition selected from the group consisting of at least 5%, at 
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at 
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, 
and at least 99.5%. 

25 7. The composition of claim 1 , wherein the cyclic boroProline compound represents at 
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8. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents a percentage by weight of the composition selected from the group 
consisting of a percentage that is less than 95%, less than 90%, less than 80%, less than 70%, 

5 less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 1 0%, 
less than 5%, less than 4%, less than 3%, less than 2%, less than 1 .0 %, and less than 0.5. 

9. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents less than 5% by weight of the composition. 

10. The composition of any of the foregoing claims, wherein a linear boroProline 
10 compounds represents less than 1% by weight of the composition. 

12. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents less than 0.5% by weight of the composition. 

13. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents less than 0.1% by weight of the composition. 

15 14. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents less than 0.05% by weight of the composition. 

15. The composition of any of the foregoing claims, wherein a linear boroProline 
compounds represents less than 0.01% by weight of the composition. 

16. The composition of any of claims 1-15, wherein the cyclic boroProline compound is a 
20 Val-boroProline compound. 

17. The composition of claim 16 ? wherein the cyclic boroProline compound is Val- 
boroPro. 
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18. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
contains at least 90% L amino acids and the boroProline is in the R or S configuration. 

1 9. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
contains at least 94% L amino acids and the boroProline is in the R or S configuration. 

5 20. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
contains at least 96% L amino acids and the boroProline is in the R or S configuration. 

21. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
contains at least 98% L amino acids and the boroProline is in the R or S configuration. 

22. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
10 contains at least 99% L amino acids and the boroProline is in the R or S configuration. 

23. The composition of any of claims 1-17, wherein the cyclic boroProline compound 
contains at least 99.5% L amino acids and the boroProline is in the R or S configuration. 

24. The composition of any of the foregoing claims, wherein the carbon-boron bond is in 
an L configuration. 

15 25. The composition of claim 1 , wherein the cyclic boroProline compound is a cyclic Val- 
boroPro. 

26. The composition of claim 25, wherein the carbon-boron bond is in an L configuration. 

27. A pharmaceutical composition comprising, 

( 1 ) a pharmaceutical ly acceptable carrier; and 
20 (2) a cyclic boroProline compound of any of claims 1 -26. 

28. The composition of claim 27, wherein the composition is formulated for oral 
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administration. 

29. The composition of claim 27 or 28, wherein the cyclic boroProline compound is a 
Val-boroProline compound. 

30. The composition of claim 29, wherein the cyclic boroProline compound is selected 
5 from the group consisting of L-Val-S-boroPro, L-Val-R-boroPro, D-Val-S-boroPro, and D- 

Val-R-boroPro. 

'31. The composition of claim 27, wherein the composition is formulated for parenteral 
administration. 

32. The composition of claim 3 1 , wherein the composition is lyophilized. 

10 33. A method for manufacturing a pharmaceutical composition comprising: 

placing a compound of any of claims 1-26 in a pharmaceutically acceptable carrier. 

34. The method of claim 33, wherein the pharmaceutically acceptable carrier is suitable 
for oral administration. 

35. The method of claim 34, further comprising the step of formulating the composition 
15 into a tablet or capsule which does not include an enteric coating. 

36. The method of claim 33, wherein the pharmaceutically acceptable carrier is suitable 
for parenteral administration. 

37. The method of claim 36, further comprising the step of lyophilizing the composition 
to form a lyophilized preparation. 

20 38. The method of claim 37, further comprising the step of reconstituting the 
composition in a pharmaceutically acceptable carrier having an acidic pH for form a 
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39. A method for stimulating activation or proliferation of human lymphocytes or 
hematopoietic cells, said method comprising contacting said lymphocytes or hematopoietic 
cells with an activation or proliferation-inducing concentration of the compound of any of 

5 claims 1-26. 

40. The method of claim 39, wherein said contacting is carried out by orally administering 
said compound to a human patient in need of such treatment, wherein the patient is diagnosed 
as having a condition characterized by inadequate lymphocyte or hematopoietic ceii 
activation or concentration. 



10 41. The method of claim 39, wherein said contacting is carried out by reconstituting a 
lyophilized composition of any of claims 1-26 in an acidic pharmaceutical! y acceptable 
carrier to form a reconstituted acidic preparation and parenterally administering the 
reconstituted preparation to a human patient suffering from a condition characterized by 
inadequate lymphocyte activation or concentration. 

15 42. The method of claim 40 or 4 1 , wherein said compound is administered in conjunction 
with a second, different agent which stimulates activation or proliferation of said 
lymphocytes or hematopoietic cells. 

43 . The method of claim 4 1 , wherein said contacting of lymphocytes with said compound 
is carried out in vitro. 



44. The method of claim 43, wherein contacting comprises obtaining the T cells, bone 
marrow cells, stem cells, stromal cells, or early lineage progenitor cells from the subject, 
contacting the isolated cells with the compound ex vivo in an amount effective to stimulate 
the cells, and reintroducing the cells to the subject. 

45. The method of claim 40, wherein said condition is an HIV infection. 
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46. The method of claim 40, wherein said condition is a neoplasm, and said lymphocytes 
are cytolytic or helper T cells. 

47. The method of claim 40, wherein said condition is side effects of chemotherapy or 
radiation therapy, one of which side effects being a consequence of depletion of cells of the 

5 hematopoietic system selected from the group consisting of cells derived from lymphoid, 
erythroid and myeloid lineages. 

48. The method of claim 40, wherein said condition is kidney failure resulting in 
depletion of hematopoietic cells or is a bone marrow disorder resulting in immunodeficiency. 

49. The method of claim 40, wherein said condition is an autoimmune disease. 

10 50. The method of claim 49, wherein said condition is immunodeficiency symptoms 
resulting from depletion of cells of the immune system. 
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